Chlamydomonas reinkardtii mutants resistant to the herbicide sulfometuron methyl (SM) were isolated and characterized. Growth of C.
reinkardtii is sensitive to inhibition by SM at a concentration of 1 micromolar. Four mutants resistant to 10-to 100-fold higher concentrations were isolated. All possess a form of acetolactate synthase (ALS) whose specific activity in cell extracts is 100-to 1000-fold more resistant to SM than is the specific activity of wild-type enzyme. Only one mutant had abnormally low ALS specific activity in the absence of SM. All mutations were inherited as single lesions in the nuclear genome and were expressed in heterozygous diploids. The mutations in two strains mapped to linkage group IX about 30 centimorgans from streptomycin resistance and on the same side of the centromere, and in genetic crosses between mutants no segregation was observed. Accordingly, all mutations are tentatively assigned to gene smr-1. Herbicide resistance appears to be suitable as a selectable marker for molecular transformation in this organism. (4, 6 -dimethyl-2-pyrimidinyl)amino]-carbonyl]amino]sulfonyl]benzoate, the active ingredient in "Oust"' Weed Killer) is a sulfonylurea herbicide that is toxic to most vascular plants, yeast, and bacteria. The mode of action of the herbicide is through the inhibition of acetolactate synthase (EC 4.1.3.18) (also called acetohydroxy acid synthase), which catalyzes the first common step in the biosynthesis of the branched chain amino acids leucine, isoleucine, and valine (1, 4, 10) . The apparent Ki for ALS2 extracted from various species is in the 10 to 100 nm range (5) . In yeast ALS is localized in the mitochondrion (15) , whereas in plants it may reside in the chloroplast (12) .
Sulfometuron methyl (methyl 2-[[[[
Strains with decreased sensitivity to SM have been isolated in the bacteria Salmonella typhimurium (10) and Escherichia coli (17) , the yeast Saccharomyces cerevisiae (4) , and Nicotiana tabacum (2). The herbicide resistance mutation in one Nicotiana mutant isolate exhibited the properties of a semidominant nuclear allele (1) . Even (6) . Observation was at 3 and 6 d.
Acetolactate Synthase Assay. The procedure used was from Chaleff and Mauvais (1) with modification in the preparation of cell extracts. One hundred-ml cultures were harvested by centrifugation at 4°C, washed once by centrifugation in 100 mm Kphosphate (pH 7.5), containing 1 mm sodium pyruvate, 0.5 mM magnesium chloride, 0.5 mm thiamine pyrophosphate, and 10 ,uM flavine-adenine-dinucleotide, and finally suspended in 7 ml of the same buffer but without thiamine pyrophosphate or flavine-adenine dinucleotide. The harvested cells were extracted by sonication, and the cellular debris was removed by ultracentrifugation for 1 h at 140,000g and 4°C. The clarified extract was placed on ice and used directly.
Genetic Techniques. The procedures for gamete induction, mating plus and minus strains, germinating zygotes, and analyzing tetrads were adopted from Levine and Ebersold (1 1 ALS Activity. Certain tobacco mutants resistant to SM and chlorsulfuron produce ALS which is less sensitive to inhibition by these herbicides (1) . Figure 1 shows the average activity of ALS in crude extracts from C. reinhardtii mutants over a wide range of SM concentrations. Although sampling error was very high (standard error of the mean up to 50% ofthe mean), certain conclusions may be drawn. All mutants produce a form of ALS which is less sensitive to inhibition, as judged by Io values, than enzyme from wild type by a factor of 100 to 1000 depending on strain. SMR-4 produces the most resistant enzyme. Considering specific activities in control incubations without SM (Fig. 1,  inset Figure 2 . Attempts to observe the expected strong linkage between smr-i and ac-51, and between smr-i and fla-2 (Fig. 2) heterozygous smr/sms diploids were tested for each mutant strain and all were resistant to 10 AM SM. The magnitude of resistance was not determined.
DISCUSSION
The major objectives of the study were to obtain mutations conferring resistance to SM in Chlamydomonas reinhardtii, to map them, and to determine the mechanism of resistance. C. reinhardtii proved to be sensitive to very low concentrations of SM and to be mutable to a high degree of resistance. The inheritance pattern of herbicide resistance with all 4 mutant strains in crosses to sensitive wild-type and to each other suggests mutations in one (or more than one but closely linked) gene in the nuclear genome. Consistent with this result, the mutations in two strains, SMR-3 and SMR-4, were found to map about 30 centimorgans from streptomycin resistance (sr-i) in group IX. The new mutant gene, designated smr-J, conferred resistance to 10 AM SM and was found to be expressed in heterozygous diploids.
The basis for herbicide tolerance of C. reinhardtii mutants is most likely the same as for tobacco (1), yeast (5, 17) and Salmonella (10) mutants, namely the production ofa more resistant form of the enzyme acetolactate synthase (ALS). ALS from C. reinhardtii mutants was 100-to 1000-fold less sensitive to SM than from wild-type. The genetic event producing resistance is likely to be a mutation in the ALS structural gene.
The effect of mutations on uninhibited ALS activity ranged from essentially no change compared to wild type (SMR-2) to a 75% decrease . No Resistance to SM has been one of the most easily scored phenotypes of C. reinhardtii mutants we have encountered. In addition, there is a low frequency of spontaneous mutation, about 1 in 108 cells. These observations suggest that herbicide resistance will be a good genetic marker for genetic crosses as well as genetic transformation in C. reinhardtii. A homologous marker would offer potential advantages over the currently employed heterologous aminoglycoside 3'-phosphotransferase gene from bacteria (9) and argininosuccinate lyase (arg4) gene from yeast (14) . First, heterologous gene expression may be diminished due to differences in codon usage or lack of proper transcription; C. reinhardtii has a highly biased codon usage (18) . Second, the presence of homologous DNA in vectors might promote chromosomal integration by homologous recombination.
